Forty-eight commercial hybrid gilts were used to determine the effects of energy intake from 20 to 45 kg on the relationship between energy intake and weight gain of the body and body components from 45 to 85 kg. Two groups of 24 gilts received a single diet either at 2.2 (restricted) or 3.7 (control) times maintenance ( M ) from 20 to 45 kg. From 45 to 85 kg the pigs were fed the same diet at one of six intake levels (1.7, 2.2, 2.7, 3.2, or 3.7 × M, or ad libitum). At 85 kg, the gilts were dissected into organs, lean tissue (trimmed major joints), and other carcass parts (fat fraction). In the restricted gilts, body and lean tissue gain between 45 and 85 kg increased curvilinearly with increasing energy intake from 432 to 1,412 g/d and from 228 to 507 g/d, respectively. In the control gilts, body and lean tissue gain increased from 394 to 1,201 g/d and from 238 to 508 g/d, respectively. The percentage of lean tissue in the carcass decreased curvilinearly with increasing energy intake from 62.9 to 56.5%, and from 62.5 to 53.9% in the restricted and control gilts, respectively. The restricted gilts gained on average 140 g/d faster ( P < .001) and their carcass lean tissue content at slaughter was approximately 3% higher ( P < .001). These differences increased with increasing energy level between 45 and 85 kg. The increased gain was largely the result of an increase in organ growth and gut contents and was only evident up to 65 kg. The higher lean content at 85 kg in previously restricted gilts was not the result of compensation in lean gain but was already present at the end of the restriction phase at 45 kg.
Introduction
Compensatory gain in pigs after a period of feed restriction has been studied by many authors during several decades. Nielsen (1964) , Owen (1971) , and Donker et al. (1986) reported an increase in feed intake, and consequently in body gain, in pigs with free access to feed after a period of restriction. Others reported an increase in the efficiency of gain in restrictedly fed animals after a period at a low feeding level (Campbell et al., 1983; Kirchgessner et al., 1984) . However, from these studies it cannot be concluded whether the degree of compensation is affected by the level of feeding in the realimentation period. In addition, little information is available concerning the effect of a previous restriction on the composition of body gain in the realimentation period. This information is even more important because Koong et al. (1983) reported that weights of metabolic organs at slaughter are significantly affected by the feeding strategy. Thus, it may be that an increase in organ gain accounted for a large part of the compensatory gain in the reported studies.
Therefore, in this study the effects of energy intake from 20 to 45 kg on performance, tissue deposition, and composition of gain between 45 and 85 kg were studied in gilts at six levels of feeding from 45 to 85 kg.
Experimental Procedures
Animals and Design. Forty-eight 9-to 10-wk-old gilts of a commercial hybrid (VOC Nieuw-Dalland, Venray, The Netherlands) with an average live .12 *** weight of 21.8 ± .2 kg at the start of the experiment were used in this study. These gilts were allocated on the basis of BW among 12 treatment combinations in a 2 × 6 factorial arrangement with four pigs per treatment combination. The respective treatments were level of feeding from 20 to 45 kg, equivalent to 2.2 and 3.7 times energy for maintenance ( M) , and level of feed intake from 45 to 85 kg, ranging from 1.7 times energy for maintenance to ad libitum. The treatment period from 20 to 45 kg will be further referred to as the nutritional history and the gilts with the low (2.2 × M ) and high (3.7 × M ) nutritional history will be referred to as restricted and control gilts, respectively. The treatment period from 45 to 85 kg will be referred to as the finishing period.
Dietary Treatments. The six feeding levels in the finishing period were 1.7, 2.2, 2.7, 3.2, or 3.7 × M, or ad libitum. One experimental diet, adequate in protein and amino acids, was used from 20 to 85 kg for all treatment groups to ensure a constant dietary amino acid profile. This allowed the determination of the relationship between energy intake and tissue deposition. The DE concentration of the diet was measured in a digestibility trial using 10 intact male pigs at a BW of 30.7 ± .7 kg and at a BW of 65.7 ± 2.0 kg. These pigs were housed in metabolism cages and received the experimental diet at 2.2 or 3.7 times maintenance. Energy digestibility was not affected by the level of feed intake or by the BW of the gilt. The composition of the experimental diet and contents of digestible amino acids have been published previously (Bikker et al., 1995) . The energy content of the experimental diet was 15.1 MJ of DE/kg, crude protein content was 198.7 g/kg, and total and ileal digestible lysine content were 11.3 and 9.7 g/kg, respectively.
Housing and Management. The pigs were housed individually in pens with half-slatted floors in an insulated building at an air temperature between 18 and 22°C. The pigs were offered the experimental diet in two equal portions per day, at 0800 and 1600. The diet was pelleted and offered in dry form. The pigs had free access to water. The pigs were weighed twice weekly, on Monday and Thursday, before feeding, and the daily feed allowances were adjusted to expected gain for the following period of three or four days, respectively. The feed allowances were based on metabolic body weight (BW .75 ) , with digestible energy requirements for maintenance calculated as .475 MJ of DE per kg BW .75 (ARC, 1981) . Feed refusals were collected and weighed twice weekly. Backfat was measured ultrasonically at four points at the back, at a BW of 45 and 85 kg. The average of these points was taken as the mean backfat thickness per gilt (Verstegen et al., 1979) .
Slaughter Procedures and Carcass Analysis. At a live weight of 85 kg, the gilts were killed by electrical stunning and exsanguination. Body components were collected and stored as described by Bikker et al. (1995) . The bodies were dissected into eviscerated carcass and organs (organ fraction). The organ fraction comprised the blood and all organs, including mesenteric fat. Empty body weight was calculated as the sum of carcass and organ fraction. Carcasses were dissected into trimmed major joints (referred to as lean fraction) and other carcass parts (referred to as fat fraction). The lean fraction comprised the ham, shoulder, and loin, all without subcutaneous fat, and meat scraps. The lean fraction was expressed as percentage in the empty body (body lean percentage) and in the carcass (carcass lean percentage). The fat fraction comprised all other carcass parts and consisted mainly of backfat, belly fat, other fat depots, head, feet, and tail (Bikker et al., 1995) . The body composition of the pigs at 20 and 45 kg was estimated using the data presented in Bikker et al. (1995) , obtained with the same dissection method. The latter experiment from 20 to 45 kg was conducted in the same period, under similar experimental conditions, and with gilts from the same herd as the present study.
Statistical Analysis. Regression analysis on individual pig data was used to determine linear and quadratic effects of feed intake in the finishing period, on performance, tissue deposition, and body composition. The effects of nutritional history on intercepts and linear and quadratic terms were determined using dummy variables and a backward elimination procedure, with P < .05 taken as boundary level (Draper 
Results
Performance. In the growing period from 20 to 45 kg, daily gain of the control gilts was much higher ( P < .001) than that of the restricted gilts, 959 vs 501 g/d (Table 1) . As a result, the restricted gilts were 22 d older at the start of the finishing period. In addition, these gilts had less backfat ( P < .001, Table 1 ) and a higher ( P < .01) estimated body lean percentage, 53.9 vs 47.4% (Bikker et al., 1995) at 45 kg.
In the finishing period, the average DE intake at the different intake levels increased from 18.3 to 44.8 MJ/d for the restricted gilts and from 18.0 to 41.9 MJ/ d for the control gilts (Table 2) . Daily gain increased curvilinearly with increasing energy intake to 1,412 and 1,201 g/d for the restricted and control gilts, respectively. Gain/feed also increased curvilinearly with increasing DE intake. The first increments in energy level led to a large increase in feed efficiency, which remained relatively constant at the three highest energy levels. The rate and efficiency of empty body gain also increased curvilinearly. The restricted gilts showed a better performance in this period than the control gilts, which is reflected by an effect of the nutritional history on the linear component of the relationships for ADG, gain/feed, and rate and efficiency of the empty body gain. This implies that the difference between control and restricted gilts increased with increasing levels of energy intake (DEI), which is illustrated for ADG (grams/day) in Figure 1 . These relationships were described as follows:
Control gilts: ADG = −550 ( ± 167) + 59.5
with r 2 = .943 and RSD = 80.8 for the two equations. The coefficient for the linear component was 3.8 ± .74 ( P < .001) higher for the restricted than for the control gilts. On average, ADG and gain/feed between 45 and 85 kg were 138 g/d and 49 g/kg higher for the restricted gilts. However, results in Table 3 , in which the finishing period was divided in two periods of 20 kg, showed that this improved gain and efficiency were only evident from 45 to 65 kg of BW. Backfat thickness increased linearly with increasing feeding level (Table 2 ) and was on average 1.6 mm higher for the control gilts. This difference increased with increasing energy intake ( Table 2) .
Body Composition. Empty body weight as a percentage of live weight at slaughter (85 kg) was not affected by the level of energy intake and was slightly higher (.7%) in the control gilts (Table 4) . Weight of the carcass as a proportion of the empty body decreased linearly and the organ weight increased linearly with increasing feeding level. The lean fraction as a percentage of the empty body and as a percentage of the carcass decreased curvilinearly with increasing energy intake, whereas the fat fraction increased curvilinearly. The lean tissue as a percentage of both the empty body and the carcass was on average 2 to 3% higher in the restricted gilts than in the control gilts. The percentage of fat tissue was 2 to 3% higher in the control gilts.
Tissue Deposition. The deposition rate of organ tissue increased linearly ( P < .001) with increasing energy intake, from 46 g/d to 244 g/d for the restricted gilts and from 37 to 166 g/d for the control gilts (Table  5 ). Consequently, there was an increasing difference ( P < .001) between the restricted and control gilts with increasing energy intake. Deposition rates of carcass and of lean and fat tissue increased curvilinearly with increasing energy intake in the finishing period. On average, deposition rates of both lean and fat were 15 g/d higher (not significant, P > .05) in the restricted gilts. The efficiency of lean tissue deposition (grams/kilogram) decreased quadratically with increasing energy intake ( Table 5 ). This efficiency was relatively constant at the three highest feeding levels and was not affected by the nutritional history of the gilts.
The composition of body gain was affected by energy level and nutritional history. In Table 6 the relative contribution of gain of carcass, organs, lean, and fat tissue to the empty body gain is given. The results showed an increase in the proportion of organ and fat gain and a large decrease, from approximately 58 to 40%, in the proportion of lean tissue gain with Figure 2. Average daily gain from 20 to 85 kg in gilts fed at six energy levels between 45 and 85 kg. The restricted and control pigs received 2.2 and 3.7 times energy for maintenance from 20 to 45 kg, respectively. increasing energy intake. Furthermore, at each level of energy intake the proportion of organ gain was approximately 4% higher and lean gain was approximately 3% lower in the restricted gilts.
Overall Performance from 20 to 85 Kilograms. In Table 7 are given the overall performance and lean tissue deposition in the growing-finishing period. On average, the restricted pigs needed 96 d, and the control gilts 79 d, to grow from 20 to 85 kg. As a consequence, the age difference was reduced from 22 d to 45 kg to 17 d at 85 kg due to the compensatory gain in the restricted gilts. The ADG between 20 and 85 kg increased linearly with increasing DE intake and the linear component was affected by the nutritional history. However, the average daily energy intake was much higher for the control gilts, 27.9 vs 21.9 MJ. Therefore, the effects of energy intake and nutritional history cannot be derived directly from Table 7 . To illustrate these effects, the ADG between 20 and 85 kg has been plotted against DE intake, which is shown in Figure 2 . At similar daily energy intakes, the restricted gilts gained about 65 g/d faster than the control gilts. Consequently, the gain/feed in the restricted gilts also was higher. The difference was about 40 g/ kg. However, the maximum daily gain in the control gilts was 285 g/d higher than in the restricted gilts, 1,123 vs 838 g/d, because of the lower energy intake of the restricted gilts. Further analysis showed that the extra ADG of 65 g/d in the restricted gilts comprised an increase in organ gain of 21 g/d ( P < .001), an increase in fat gain of 18 g/d ( P < .01), and an Figure 3 . Percentage of lean tissue in the empty body of gilts at 85 kg fed at six energy levels between 45 and 85 kg. The restricted and control pigs received 2.2 and 3.7 times energy for maintenance from 20 to 45 kg, respectively. increase in lean gain of 14 g/d (not significant, P > .05). Thus, at similar overall daily energy intake, the nutritional history did not affect ( P > .05) the daily lean tissue deposition or the efficiency of lean gain (Table 7) . Because of the increase in deposition rates of other tissues, the body lean percentage at similar average energy intakes between 20 and 85 kg was 1.6% lower in the restricted gilts (Figure 3) .
Discussion
In the discussion, the effects of energy intake between 45 and 85 kg on body gain, efficiency of gain, and body composition are discussed first. Thereafter, the effects of the nutritional history on performance and tissue deposition are discussed. Finally, attention is paid to the overall performance between 20 and 85 kg of BW.
Effect of Energy Intake Between 45 and 85 Kilograms.
Daily gain increased with increasing energy intake. The increase per megajoule of DE decreased with increasing body weight. On average, ADG increased by 34.2 ± 1.5 g/MJ of DE intake in the present study. For gilts from 20 to 45 kg, Bikker et al. (1995) reported a linear increase in ADG of 43.6 ± 2.2 g/MJ of DE. The mean slope for lean growth (g/MJ of DE) decreased from 12.5 ± 3.1 for pigs of 20 to 45 kg to 9.6 ± 1.0 for pigs of 45 to 85 kg. Consequently, the marginal efficiency of body and lean tissue gain (g/MJ of DE) decreased with increasing body weight, presumably because older pigs deposit more lipid and less protein per unit of extra energy (Bikker et al., 1996) . A small quadratic effect was present in the relationship between energy intake and body and lean tissue gain ( P < .05). Results in Table 3 indicate that this quadratic effect on tissue deposition was only present after 65 kg. The curvilinear effect indicates that either a plateau in lean tissue growth rate was reached or that the slope for lean tissue growth decreased gradually with increasing energy intake. The results do not clearly show that a plateau in lean tissue gain was reached. Furthermore, a gradually decreasing slope can be explained by a decreasing proportion of lean gain in the total body gain (Table  6) , and(or) by a change in composition of the lean tissue. Diminishing returns of lean tissue gain with feed intake were also reported by Kanis (1988) . The decrease of the lean proportion in the gain (Table 6 ) showed that at low intake levels the pigs have a preference for muscle gain, whereas the proportion of fat tissue gain increases at higher intake levels. This is in agreement with Davies (1983) , who reported that pigs at a high feeding level deposited proportionately more fat and less muscle relative to pigs at a low feeding level.
In addition to the increasing proportion of fat tissue gain, the relative organ gain also increased with increasing feed intake ( Table 6 ). This was mainly the result of growth of the liver, kidneys, and digestive tract. An increase in the weights of metabolically active organs with increasing feed intake also was reported by Koong et al. (1982 Koong et al. ( , 1983 , Davies (1983) , Rao and McCracken (1992) , and Bikker et al. (1995) . This effect presumably reflects a functional hypertrophy of the organs in order to process the incremental amounts of feed and illustrates the adaptive capacity of the gilt to nutrient intake.
As a consequence of the decreasing proportion of lean gain, the lean percentage in the body at 85 kg decreased by .3% per MJ of DE intake, with a concomitant increase in backfat (Table 2 ) and fat tissue content (Table 4 ). An increase in lean and a decrease in fat percentage with a reduction in energy intake also was reported by Ellis et al. (1983) , Jørgensen et al. (1985) , and Susenbeth and Keitel (1988) , but not by Rao and McCracken (1992) . As discussed by Bikker et al. (1995) , the effect of a reduction of energy intake on body composition depends on the genotype of the pig and the level of energy intake. The latter was confirmed by the presence of a curvilinear effect of DE intake on lean and fat percentage in this study. In agreement with Kanis (1988) and Bikker et al. (1995) , the efficiency of lean tissue gain decreased with increasing energy intake. Because of a curvilinear increase in gain/feed with increasing energy intake, the highest lean efficiency was reached at a lower intake level than the maximum efficiency of body gain. This is also largely in agreement with Ellis et al. (1983) , who reported an increase in gain/feed with increasing feed intake, whereas lean efficiency was constant or tended to decrease.
In conclusion, the results of the present study showed an increase in the proportion of organ and fat tissue and a decrease in the proportion of lean tissue with increasing energy intake. Consequently, the ratio of fat:lean increases substantially with an increase in the level of energy intake, even when the maximum rate of lean deposition has not been reached. As a result, the lean percentage and efficiency of lean gain are optimized at lower feed intake levels than daily gain, gain/feed, and lean tissue growth rate.
Effect of the Nutritional History on Performance from 45 to 85 Kilograms.
At the end of the restriction period at a BW of 45 kg, the pigs on the low feeding level were 22 d older and had leaner bodies than the control pigs. From 45 to 85 kg these restricted pigs showed a higher daily gain than the control pigs (Table 2) . This difference in ADG increased with increasing energy intake. The difference was very small at the two lowest feeding levels and higher at the other four intake levels. Because of similar intakes of restricted and control pigs, this compensatory gain was caused by an increased gain/feed (Table 2) . For the pigs with free access to feed, the increase in DE intake of approximately 3 MJ/d would also have contributed to the higher gain in these treatment groups. An increased feed intake and daily gain after a period of feed restriction was also reported by Nielsen (1964) , Owen et al. (1971), and Donker et al. (1986) . This literature does not allow a determination to be made as to whether the compensatory growth was caused by the increased feed intake or by an increased efficiency. However, in the studies of Nielsen (1964 ), Campbell et al. (1983 ), and Kirchgessner et al. (1984 , previously restricted pigs showed compensatory gain and gain/feed at a daily feed intake similar to that of their non-restricted counterparts. These authors reported an increase in daily gain of approximately 80 to 100 g/d after a restriction to 55 to 75% of the control feeding level for several weeks. These references and the present study show that the rate of gain and feed efficiency are higher after a period of feed restriction. In addition, the present study shows that this compensation increases with increasing energy intake in the realimentation phase.
Nutrition and Gain in Body Components. In the present study, the restricted gilts gained on average approximately 140 g/d more between 45 and 85 kg. A large part of this extra gain was caused by increased gut fill (50 g/d, Table 2 ) and increased organ growth (50 g/d, Table 5 ). The gain of lean tissue, which is the most important edible product, was only 15 g/d (not significant) higher in the restricted gilts. The efficiency of lean gain also was not affected by the nutritional history. In most of the above-mentioned studies, the deposition of different tissues was not determined. However, Mersmann et al. (1987) and Pond and Mersmann (1990) reported an increased gain of liver, kidneys, and the digestive tract in pigs during the rehabilitation period, without significant compensation in body or carcass gain. Furthermore, the data of Drouillard et al. (1991) in energyrestricted and refed lambs suggested a small compensation in non-visceral tissue and a larger compensation in visceral tissue. Carstens et al. (1991) reported compensatory growth in steers that were previously restricted in feed intake. This compensation consisted of gut fill and non-carcass water and protein. Consequently, these results indicate that the compensatory gain after a period of feed restriction is largely caused by a functional increase in organ growth and in the contents of the intestinal tract.
It has been suggested that carcass lean percentage is higher in pigs after a period of restriction and compensation (Robinson, 1964) . This was confirmed by this study, because the restricted pigs had less backfat and fat tissue and a higher lean percentage at 85 kg (Table 4) . Similar results were reported by Nielsen (1964) , Campbell et al. (1983) , and Mersmann et al. (1987) . However, from the literature it cannot be concluded whether the improved carcass quality is a direct result of the feed restriction in the restriction phase or is an effect of this restriction on the composition of gain during realimentation. This study shows that the higher carcass quality of the restricted pigs was not caused by an increase in lean gain. Moreover, the proportion of lean gain in the total gain from 45 to 85 kg was even lower in the restricted pigs than in the control pigs, because of the increased organ growth (Table 6 ). The higher percentage of lean tissue in the carcass of the restricted gilts at 85 kg was already present at 45 kg, due to the restriction in feed intake from 20 to 45 kg. The lean percentage was still higher at 85 kg because of the lack of compensation in lean or fat tissue gain. This may have been the reason for the lower fat content in the other studies, because composition of gain was not reported (Nielsen, 1964; Campbell et al., 1983) , or no compensation in lean and fat deposition was found (Mersmann et al., 1987) .
Presumably, the above-mentioned compensation took place during the first few days or weeks of the realimentation period, because a compensation in gain was only present between 45 and 65 kg. It seems reasonable to assume that the metabolically active organs adapt to the increased feeding level very soon after the start of the realimentation period. This is in agreement with Owen et al. (1971) , who found the highest increase in gain immediately after the end of the restriction period. The energy requirements for this extra gain may be small, because it mainly consisted of water and protein (Bikker et al., 1996) . Presumably, the maintenance requirements were somewhat lower during the first days of the realimentation period, because a period of undernutrition can reduce the basal energy expenditure (Ledger and Sayers, 1977; Koong et al., 1983; Ferrell et al., 1985) . When feed intake is restored, both the maintenance requirements and the energetic efficiency of gain return rapidly to that of the continuously fed pig (Graham and Searle, 1975; Webster, 1979; Schnyder et al., 1982) . Furthermore, feed and protein intake stimulate growth of certain visceral tissues by suppressing protein degradation (Reeds, 1989) , which thereby enables an efficient regrowth of these tissues.
Overall Performance from 20 to 85 Kilograms. The overall performance from 20 to 85 kg shows the combined effects of energy intake on performance between 20 and 45 kg and between 45 and 85 kg. As expected, ADG and gain/feed increased with increasing energy intake. Furthermore, the restricted pigs were on average 17 d older at 85 kg, which means that only 5 d of the time-lag of 22 d were compensated for by the compensatory gain and feed efficiency. From the results in Table 7 and Figures 2 and 3 it was concluded that at similar average daily energy intake the distribution of the intake had an effect on rate of gain and body composition. The rate and efficiency of body gain were higher in the pigs with a low intake from 20 to 45 kg and a high intake from 45 to 85 kg than in pigs with a high intake from 20 to 45 kg and a low intake from 45 to 85 kg. This can be explained by the higher average metabolic body weight and, consequently, the higher maintenance requirements of the pigs with the high intake and daily gain below 45 kg (Wenk et al., 1980) . At similar average daily energy intake, the mean metabolic body weight between 20 and 85 kg was 2.2 to 2.6 kg less for the restricted pigs, which allowed them to use 1 to 1.3 MJ of DE/d more for tissue deposition. This largely explains the higher daily gain and gain/feed of these pigs. The lean percentage was lower in the restricted pigs than in the control pigs, at similar energy intake, mainly because of a higher organ mass at 85 kg in restricted pigs. This indicates that organ mass at slaughter is affected more by the feeding level in the period just before slaughter than by the feeding level in earlier life, which is in agreement with results of Koong et al. (1982 Koong et al. ( , 1983 in pigs and Ferrell et al. (1985) in lambs. The overall daily lean gain was not significantly different for restricted and control pigs ( Table  7 ), indicating that the extra gain in restricted pigs is of limited benefit for pig production. As a result, at similar average daily intakes, the distribution of the dietary energy between the growing and finishing phase of these gilts seems of little importance for pig production. However, maximum attainable gain of the body and lean tissue is of course much higher if pigs receive a high feeding level both in the grower and finisher period (Table 7, Figure 2 ).
In conclusion, this study showed that after a period of feed restriction compensatory gain and feed efficiency increased with increasing feeding level in the realimentation period. This extra gain was largely accounted for by an increase in the contents of the digestive tract and by the increased growth of metabolically active organs, which responded to the increase in feed intake. The higher carcass quality at slaughter in restricted and realimented pigs was caused by the restriction per se and not by an effect of previous restriction on the composition of gain in the realimentation period.
Implications
Lean tissue percentage and efficiency of lean tissue gain decreased with increasing energy intake. Giving pigs free access to feed will therefore optimize body and lean tissue gain but not body composition and efficiency of lean gain. After feed restriction in the growing period, pigs show compensation in the rate and efficiency of body gain, which is mainly caused by an increase in organ growth. The better carcass composition of compensating pigs is the result of maintaining the better carcass composition present at the start of the realimentation phase. As a result, compensatory gain after a period of feed restriction is of limited value for the pig industry.
